patients have a high risk of autogenous AVF failure due to advanced arteriosclerosis and low accessibility of forearm vessels because of excessive fat tissue. 6 In the obese, AVFs often fail to maturate due to excessive depth and cannulation of the deeply located fistula becomes progressively difficult.
Recently, there are several reports describing two-stage superficialization of AVF in the case of deeply buried vessels. [7] [8] [9] In this study, we investigated the utility and complications of one-stage superficialization of native radio-cephalic fistula in the obese patients treated at our hospital.
Methods

Study population
This is a single-centered, retrospective study. From January 2011 to March 2017, we simultaneously performed forearm radio-cephalic fistula creation and superficialization of the cephalic vein for 10 patients with obesity (body mass index (BMI) more than 30 kg/m 2 ) and deep cephalic vein (deeper than 6 mm) at hemodialysis initiation. Before creating vascular accesses, we evaluated vessels using duplex ultrasound. Preoperative examination was performed by physicians who create vascular accesses by themselves using 5-13 MHz linear transducer with the LOGIQ e system (GE Healthcare, Erlangen, Germany).
This study was conducted in accordance with the Declaration of Helsinki. Informed consent was not required because only existing medical records were used.
Operative technique
Single-stage procedure was carried out with primary formation of the fistula followed by secondary superficialization at the same time. The vascular access design was determined after ultrasound vessel examination. Initially, an arteriovenous anastomosis was created at an appropriate site. Subsequently, an 8-10 cm longitudinal skin incision was made along the lateral aspect of the forearm cephalic vein. The cephalic vein was identified and exposed. Side branches of the cephalic vein were isolated and ligated carefully using 4-0 silk. The cephalic vein was repositioned superficially. The subcutaneous tissue under the cephalic vein was sutured. A skin flap was placed over the transposed cephalic vein. The skin was closed with skin suture which was located lateral to the vein. Figure 1 shows the operative technique.
Patency definition and statistical analyses
One-stage superficialization of native radio-cephalic fistula was defined as successful when it could be routinely cannulated and could deliver a prescribed blood flow for the total dialysis duration. Primary patency was defined as the interval from the time of producing one-stage AVF superficialization until the first access thrombosis, any intervention, or the time of patency measurement. Secondary patency was defined as the interval from the time of access placement until access abandonment. Primary and secondary patency rates were estimated using the Kaplan-Meier method. Patients were censored in the event of transplantation, death, or a final patency measurement.
Results
The mean age of the patients was 53 years (range 40-72 years), the mean BMI was 40.2 kg/m 2 (33.1-59.7 kg/ m 2 ), and the average weight was 98.0 kg (72.3-155.0 kg). The cause of renal failure in eight patients was diabetic nephropathy, and in two patients, it was unknown. After the procedure, vein depth became 3.4 mm (1.9-4.6 mm) from 8.2 mm (6.0-13.4 mm), and there was no primary failure. There was one procedure-related complication and delayed wound healing, which was improved by observation without antibiotics.
Among all patients who initiated dialysis, eight patients underwent successful two-needle cannulation. One patient had not yet received hemodialysis at 12 months after surgery, and one patient died by cardiac amyloidosis at 24 days after surgery. The first successful cannulation was achieved at a median of 71 days (range: 15-290 days) after AVF creation (Table 1) . Five patients underwent cannulation >30 days after surgery because their vascular accesses were created before initiation of hemodialysis therapy. Three patients, who had been receiving hemodialysis therapy emergently by temporary dialysis catheter before surgery, underwent cannulation <30 days after surgery (15 and 17 days).
Kaplan-Meier curves show the primary and secondary patency rates (Figure 2) . Two cases underwent percutaneous transluminal angioplasty (PTA) within 1 year after surgery (70 and 106 days after surgery). The primary patency rate was 71.4% at 12 months and the secondary patency rate was 100% at 12 months.
Discussion
Globally, obese patients are increasing. Obesity is an independent risk factor that causes dysfunction of AVF. 6 Obese patients are less likely to have an autogenous access created in addition to higher failure rates due to AVF dysfunction or thrombosis. [10] [11] [12] A simple direct AVF Superficialization is becoming an increasingly successful method used for obese cases. [7] [8] [9] In almost all reports, twostage operation is performed for this purpose. [7] [8] [9] However, there are few reports of one-stage technique. In the case of two-stage superficialization procedure, because of multiple operations, the period required for stable puncture is much longer than the one-stage procedure. Between the two operations, a period of as much as 4-6 weeks is needed. [7] [8] 13, 14 If dialysis is required before cannulation, central venous catheters are often used. In these cases, central venous stenosis and occlusion and catheter infection may become a problem, which may affect prognosis because of sepsis or delay operation to create AVF or arteriovenous (AV) graft due to central vein problems. Central venous catheter has a higher risk of death associated with infection than AVF. 1 Some reports show that stenosis of central vein occurs in about 50% of catheter insertion cases. 15 Therefore, we investigated the utility and complications of one-stage superficialization of native radiocephalic fistula in obese patients. In this study, all patients who started to receive dialysis after one-stage operation underwent successful two-needle cannulation. The primary patency rate was 71.4% at 12 months and secondary patency rate was 100% at 12 months. Weyde et al., 9 using two-stage procedure of fistula formation with transposition of the venous portion, reported primary patency rates of 59% and 53% at 12 and 24 months and secondary patency rates of 83% and 80%. Bronder et al. 14 performed superficialization on 46 inaccessible radio-cephalic AVFs in order to maintain vascular access. The primary patency rates were 66% at 1 year and 39% at 2 years, and the secondary patency rates were 68% at 1 year and 59% at 2 years. Inkollu et al. 8 performed 162 minimal incision superficializations as a two-stage procedure. The primary patency rates were 70.6% and 62.1% at 6 and 12 months, and the secondary patency rates were 98.0% and 93.3% at 6 and 12 months, respectively. In a past investigation of basilic vein transposition, there was no statistical significance in the outcomes whether the superficialization was performed as a one-stage or a twostage procedure. 13, 14 Two trials reported that the average lag time between the second procedure and cannulation was 2.0 ± 1.3 and 5.25 months, respectively. [7] [8] Therefore, in cases where quicker cannulation is required, the singlestage procedure appears quite useful. Actually, in this study, three patients had been initiated hemodialysis therapy emergently by temporary dialysis catheters, and they were able to undergo cannulation within 2-3 weeks after the operation.
Some clinicians may consider that to avoid overtreatment, standard AVF creation should be first carried out to confirm that cannulation is difficult, even in obese patients with deep cephalic vein (deeper than 6 mm). We understand that a 6 mm vein depth is a reasonable threshold to distinguish easy and difficult cannulation as recommended by the NKF-DOQI guidelines. 4 Since the one-step procedure is safe and feasible, requires only a short extension of surgery time, and predicts good outcomes, we prefer to choose this procedure as the first operational option in deep vein cases.
Limitation
This study includes retrospective data collection and analysis, and we report only a small number of cases with a relatively short follow-up period. Therefore, clinical studies with longer follow-up and larger patient numbers are warranted.
Conclusion
One-stage procedure allows very early cannulation compared with the two-stage procedure. This seems to be especially useful for patients who have already initiated dialysis. There were no serious complications.
This small series of patients indicates that one-stage superficialization of native radio-cephalic fistula in obese subjects is a safe and effective option which assists easy and early cannulation and primary patency.
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